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36 The Ohio State Engineer
The Coal Problem
By E. G. BAILEY, '03
The biggest and most important question be-
fore the American people today, is the coal prob-
lem. Some may disagree and claim that it is
transportation. But sift the present situation
to the bottom, and you will find that the coal prob-
lem, or rather the abnormally high percentage of
ash and impurities in the coal, is like sand in the
bearings of transportation, of ocean shipping and
of practically all industries, slowing them down
at the most critical time in our history.
Coal is bought solely for the combustible ele-
ment it contains. The less ash and impurities in
the coal, the less number of tons you need. The
greater the demand for coal, the higher the price
and, under present conditions, the poorer its qual-
ity. The price has been regulated but the quality
has run riot.
Why have we allowed this to happen just at the
time when we need heat units in their most con-
centrated form? Why are the railroads burd-
ened today with hauling millions of tons of utter-
ly worthless dirt that anyone can dig up from
their back yard or have from any rock pile for
the asking? To say that this excess of ash and
other impurities in the coal coming on the market
today is worthless, does not describe the situation.
The price paid for this dirt is only a small frac-
tion of the damage. The rest of its cost is in the
decreased efficiency, the lowered capacity, the
increased labor and the excessive repair bills in-
volved in the combustion of this coal,—and in the
necessity of closing down industries because of
the lack of the coal which might have been ship-
ped in place of these so-called "worthless," but
really exceedingly costly impurities.
IMPURITIES IN COAL
Through the past winter we have heard a great
deal of talk about the deterioration in the quality
of coal, the increase of ash, slate, sulphur and
other impurities. We know this has occurred,
but let ue see how much it has amounted to, how
much it has cost and we can decide better what
efforts should be put forth and what expendi-
ture made to remedy this difficulty.
We find from reliable sources that the coal re-
ceived in many of the largest power plants in the
country has increased by 5% to 10% in ash and
has decreased in heating value by 8% to 12%.
Figures from a prominent manufacturer, who has
received coal from the same district during the
past seven years and has followed its quality
closely by analysis and other means, show a de-
crease of 9% in B. t. u. during the calendar year
* Copy of Lecture delivered at The Johns Hopkins Uni-
versity, Baltimore. Md., February 27, 1918, as one of
The J. E. Aldred Lectures on Engineering Practice.
1917 as compared with averages of five years,
1911 to 1915 inclusive.
War conditions should be borne in mind in this
connection. We should not assume that the qual-
ity of all coal mined has decreased in this same
ratio, for the Navy and other Government re-
quirements have increased by several million
tons, and they rightfully are getting the better
coal. Hence, some of the decrease in the quality
of coal going to industrial plants and locomotives
has been due to confining their supply to the
mines of inferior quality. But evidence is at hand
to show that coal coming from the same mines
carries a much higher percentage of bone, slate
and free impurities than it formerly did, and as
a conservative estimate I am confident that the in-
creased coal consumption of this country during
het year 1917 due to the inferior quality resulting
from neglect of preparation at the mines, tipples
and breakers amounted to at least 5%. In other
words, of the approximately 600,000,000 tons of
coal produced and shipped to market during the
past year 30,000,000 tons of it was perfectly
worthless dirt, slate and rock.
How much has this increase in impurities in
COST OF DIRTY COAL
coal cost the United States during the past year?
In the first place coal has been worth on an aver-
age, counting contracts and all, abcut $2.50 at
the mines. The average freight, including both
rail and vessel, paid on all coal produced is prob-
ably in the neighborhood of $1.50 per ton. So
that the 30,000,000 tons of dirt which has been
delivered to the consumer has cost about $120,-
000,000 during the past year.
But this only takes into consideration the cost
of the coal delivered to his plant. He then has
the additional cost of firing this inferior coal, re-
pairing furnaces, stokers, locomotives and the
cost of handling the ashes.
COAL SHORTAGE OR DIRT
We have been talking about the coal shortage,
while in reality we have been loading our cars
and locomotives with slate and impurities instead
of coal, and had coal of the former quality been
shipped to market, we would have had 300,000,-
000 tons more real coal than we did get.
The effect of this increase in the percentage of
ash has been cumulative. Storage piles have
been gradually exhausted and the supply to con-
sumers has diminshed to absolutely nothing in
many cases due to each day's coal consumption
requiring 5% more than it otherwise would, be-
cause of the high percentage of ash alone, regard-
less of weather conditions or increased load. Sup-
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pose that all of the slate and impurities corres-
pending to this 5% increase had been concentrat-
ed into two or three weeks of normal shipments
during the middle of the winter and this 30,000,-
000 tons of pure slate and rock were loaded into
1,000,000 railroad cars without any coal mixed
with it. Every American citizen would have been
up in arms in a minute, and indignation societies
and vigilance committees would have emptied the
slate out along the railroad tracks and started
tne empty cars back to the mines to be loaded
with coal instead of impurities. But the final
result has been the same.
In buying coal we have been so accustomed to
expect the quality to decrease when the price
went up that we considered it inevitable. We
thought there was no remedy. The coal operator
has not oeen wholly to blame, because he could
not control the preparation of coal at the mines
of his competitors. If he was conscientious and
prepared his coal, he was the loser and the man
who shipped dirty coal to the market obtained
his profits.
The cause for this condition is well known to
anyone at all familiar with the mining of coal;
the reason is that the technically trained men of
this country have failed to master a difficult prob-
lem they tackled several years ago and would
have mastered by this time, had they had the
courage of their convictions and the ability t)
handle human nature problems as well as en-
gineering.
WHY QUALITY DECREASED WHEN PRICE
INCREASED
There was an increased demand for coal in
1916. Naturally, prices commenced to soar, and
many consumers foresaw what was coming and
were glad to pay any price in order to get coal
and fill up their storage space. This condition
continued through the winter of 1916-1917 until
it was of common occurrence to pay as high as
$5.00 and $6.00 per ton for bituminous coal at
the mines. Most of the purchasers were so anxi-
ous to get coal that they forgot all about quality
and were willing to take anything at any price,
in order to keep their plants in operation. Many
of them who were buying their coal on an analy-
sis basis discontinued the practice, fearing that
otherwise another purchaser might obtain some
advantage over them in securing quantity of coal
It is only logical, under such conditions for the
mine operator to ease up on the preparation of
coal at the mines. He has ample market at a
high price for every ton of coal which he can load.
He wants to keep every miner in his employ and
attract more from other mines to load railroad
cars as fast as they are placed at his tipple. If
he compelled the miner to prepare the coal as he
previously did, the miner would pick up his kit
of tools and go to work in a neighboring mine
wxiere the cleaning of the coal was not demanded,
iiis competitor would then be able to till high-
priced orders while the operator who lost the
miner would be restricted as to his capacity.
Therefore, why should the miner or why should
tne coal operator pay any attention to the quality
oi coal he is producing when the man who is buy-
ing it is offering fancy prices and crying for more
tons of anything that is black.
Some may think that the price of coal at the
mines as fixed by the Government in August 1917,
being lower than the operators considered justi-
fiable, had something to do with the decrease in
quality. It may possibly have affected the prep-
aration of coal in a few instances where the op-
erator was forced to reduce his costs as much as
possible, but if the Government price were ad-
vanced on the present basis of control to $5.00
per ton at the mines, it would not reduce the per-
centage of impurities in the coal one iota.
WHAT IS THE REMEDY?
To simply request the coal operators to give
the coal better preparation and instruct the min-
ers to carry it out, even appealing to them on the
grounds of patriotism, will not accomplish the
results. There is too much selfishness in some of
us and too much human nature in all of us to ex-
pect a man to start his coal picking table, his
washer and other means of eliminating impuri-
ties that will add a cost of 10 to 50c per ton to
all the coal he produces when in the end he gets
no more pay for his product that the operator
who has recently opened a "snow bird" mine and
has no equipment, except labor, to clean his coal,
or the slacker who makes a pretense of doing it,
and is in reality loading the heaviest material he
can find.
We must go to the very root of the matter, and
during the present crisis eliminate every possi-
ble pound of slate and impurity from the coal as
it is loaded into the railroad cars at the mines.
This will be equivalent to increasing the motive
power, the car supply and terminal facilities of
our railroads to the extent of 30,000,000 tons car-
rying capacity per year. It is possible; it can be
done; and it must be done. The question remains
how to do it most quickly and at least expense.
In reality we should not hesitate at the expense
of carrying this out for it will be cheap at any
price.
You must bear in mind that increasing the
price alone will not improve the quality and with-
out the quality being improved the railroads can
not haul the necessary heat units. There is
enough labor available at the mines to clean the
coal, our trouble is due to lack of railroad facili-
ties to haul the excessive amount of impurities it
contains. It seems so perfectly self-evident that
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we must put forth every effort to concentrate as
many heat units in each ton of coal which our
railroads can handle, that in the face of these
figures we can go to any end in carrying out the
remedy. This question is important enough to do
the job right and everything which is worth
while, can be done.
PAY PRICE IN PROPORTION TO QUALITY
The remedy is to establish a standard quality
and then determine the real quality of coal as
shipped from the different mines each month, and
provide inducements to the operator for produc-
ing clean coal. There is no time nor need for
going into refinements, but we must concentrate
on the basic factors and strike them hard. The
other difficulties of less importance will tend to
be corrected at the same time. The main factor
is ash, particularly the free ash in slate, bone,
sulphur balls and extraneous impurities. Of sec-
ondary importance is the question of intrinsic asn
in the coal itself. The percentage of ash in the
coal should be determined each month from every
shipping mine, particularly those in the Appala-
chian field, which is the nucleus of our difficul-
ties. This might seem like an impossible task,
but it is not.
I would recommend that the Government es-
tablish coal sampling stations at certain points
where large numbers of railroad cars are un-
loaded to vessels or power houses. These sam-
pling stations should be equipped with the nec-
essary machinery for handling samples of 1000
lbs. or more so that the sample will be thoroughly
representative of the individual car from which
it is taken. From this sample determine the per-
centage of total ash as well as the free impuri-
ties (slate, rock, etc.) so that a positive check
will be obtained on each mine as to the quality
of coal being produced, and especially the effec-
tiveness of its preparation.
By locating these sampling plants at such
points as New York, Philadelphia, Baltimore,
Hampton Roads, Cincinnati, Lorain, Buffalo and
other lake loading ports, adding Chicago, St.
Louis, Indianapolis, Birmingham and other cities
throughout the United States later on as the work
extended, coal from every mine in the adjacent
districts can be consigned or reconsigned by the
Fuel Administration to these cities and to these
particular piers and power plants so that at
least one sample each month will be obtained
from every mine shipping coal. Later on as the
system is perfected it could be increased to the
sampling of one car out of every ten shipped, so
that a very fair average of the quality of coal
loaded from each mine would be obtained. Even
though not enough cars could be sampled to get
an average that would be scientifically accurate
to a fraction of one percent, the influence on the
operator and miner would be effective. He would
not know which car or cars were going to be
sampled. He would have a strong inducement to
prepare every car of coal loaded at his tipple the
same as if he knew it would be tested.
To give the coal operator a real incentive to
clean his coal as he should, the price he receives
for his coal should be materially affected by the
quality of coal produced. It would be advisable
to go a step further and base the distribution ot
cars to the mines on quality also. The quality
as shown by the results of one month should form
the basis of price and car distribution for the
subsequent month, so that no confusion resulting
from back charges and adjustments need inter-
fere with the plan.
WHERE HEAT IS WASTED
Let us forget for a minute much of the detailed
theory and ideas of combustion and come down
to a few basic facts. Coal is fired to the boiler
furnaces to produce heat. Whatever the heating
value of this coal may be, whether it is 10,000 or
14,000 B. t. u. per pound, that figure represents
100 % of the heat units available for making
steam in that boiler. The problem is to transfer
as many heat units as possible from the coal to
the steam. All of this heat can not be utilized,
but it does all show up some place and the chan-
nels through which this heat passes may be di-
vided into three general classes:
1. Incomplete combustion (loss).
2. Heating up flue gases and other things be-
side water in boiler (loss).
3. Evaporating water in the boiler (useful).
The entire 100 '•"/<• of heat, no more and no less,
always shows up in these three main items, which
may be called a heat balance.
The amount of heat in the third item repre-
sents boiler efficiency and it must be low if the
other two items are high, and it can be high only
by keeping the other items low. These two loss
items are such that they get first chance, so to
speak, at the heat units in the coal and high
boiler efficiency can only be assured by knowing
what are these controllable losses, and how to
keep them at a minimum.
KNOWLEDGE AND ETERNAL VIGILANCE
In connection with the operation of power
plants there are two old quotations that exactly
fit, and I urge everyone to bear them in mind in
connection with their own plant. The first one,
"Knowledge is Power" is certainly applicable.
You must know' what your plant is doing, you
must know what is the efficiency of your boilers
and furnaces, what and how much your losses are
before intelligent steps can be taken to apply
remedies. If you simply know that the efficiency
is poor you can not improve it until you know
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why it is poor. If there are big losses in the first
item of the heat balance mentioned above, you
should do one thing. If they are in the second
item, you should apply some other remedy.
The other quotation "Eternal Vigilance is the
price of Economy" is equally pertinent. Many
people have spent much time and money making
an extensive series of tests in their power plants,
and by means of such tests obtained very good
evaporation and high efficiencies which pleased
them greatly. The results were tabulated for
blue prints or framed in their office, and many of
them are foolish enough to think that their plant
is still producing this kind of results. Some of
them are, and some of them are even getting bet-
ter results today than they were during such
tests, but this applies only to those who are using
eternal vigilance and hecking up their efficiencies
as well as their losses from day to day and hour
to hour. As George Diman says, "A boiler test
is a good deal like a horse race,—you can get
most anything you want out of it, but you keep
on burning coal 365 days of the year."
IMPORTANCE OF COAL INDUSTRY
The things which have happened during the
past year in connection with the coal industry
have served to waken the engineers as well as
the general public to the importance and magni-
tude of the coal problem. It not only needs the
most careful attention and the most diligent study
today, but it needs the continued service of the
technically trained men of this country to follow
it up in the future, for it always will be a problem
of greatest magnitude in the United States. We
have been bountifully supplied with hundreds of
thousands of acres of coal of good quality, we
have been mining it so cheaply, and thinking so
little of the future that most people have not
realized what tremendous problems were involved
in it and how important they were to the indus-
trial and physical welfare of the country.
Most people have the impression that we have
a practically unlimited supply of coal and that
when it is gone there are infinite quantities of
undeveloped coal lands in China or other parts of
the world. Others have thought that water power
or some miraculous form of energy would be de-
veloped to replace the need of coal, but the oc-
currences of the past twelve months have caused
us to think more deeply on these subjects. In-
vestigations have shown the fallacy of these sub-
stitutes and impressed upon us the necessity of
knowing more about our coal industry.
One of the most important problems is the re-
lation between price and value of coal. This has
not yet been satisfactorily or equitably deter-
mined, for it involves a third factor, namely con-
servation of our natural resources which should
enter into this relation and the working out of
this phase of the coal problem alone will require
a great deal of attention by the best brains of
the country. It should be undertaken and put on
some intelligent basis as soon as possible after
the war ends and conditions return to something
like normal.
Another illustration of a single phase of the
coal problem which is deserving of further atten-
tion is the simple question of coal storage. This
always has been a serious problem, especially for
certain coals when stored in certain parts of the
country. Following the war it is going to be
more so, because people who have been handi-
capped now are going to store larger quantities
of coal as soon as they are able to get coal to
store, but what is the use of storing coal if they
are unable to prevent expensive losses due to
spontaneous combustion.
SOLUTION NEEDED FOR FUTURE AS WELL AS
IMMEDIATE PROBLEMS
I, therefore, urge you students of The Johns
Hopkins University and young men from other
schools to give the coal problem in its various
phases your most earnest consideration in select-
ing your life work or at least your first job, be-
cause there is no more important problem today,
and there is no richer field for the future, than
to tackle some phase of this important industry
and bring to light and establish as facts many of
the traditions which have been drifting along for
so many years without knowledge as to their con-
trol and application in normal times, or even in
emergencies like that of the present day.
The problems which concern us most are those
of the immediate future. Are we going to have
coal enough to see us through the coming winter ?
The present indications are that unless some
radical steps are taken immediately, the coal
shortage will be much worse than it has been.
To be satisfied with preferential shipments and
permit many of our basic industries to close down
is to play the quitter's game, when by concentrat-
ing our efforts on loading clean coal at the mines
and improving the efficiency of its combustion in
furnaces we can have ample coal for all, thereby
helping instead of hindering the Thrift Cam-
paign.
We have heard the argument that we should be
patriotic and be content with inferior coal, old
culm banks and other refuse fuel the same as we
are with wheat substitutes in our bread. But the
Food and Fuel problems are very different.
Economy in their use applies equally to both, but
the neck of the bottle of the food question is pro-
duction, while the weakest link of the coal prob-
lem is transportation. It is a crime to burden
our railroads with hauling dirt when it is within
our power to ship clean coal and supply heat units
in their most concentrated form.
